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Cited reference 3 

Korean Patent Publication No. 96-0000367 (Jan. 5, 1996) 

Title: Method for forming a wire layer of a semiconductor device 

Brief Description of the Drawings 

Fig. 1 is a sectional view for showing a metal wire layer produced by a method 
filed prior to the present invention. 

Figs. 2-9 are process flow charts for showing an exemplary embodiment of the 
method of forming a metal wire layer according to the present invention. 

Detailed description 

The present invention relates to a method for producing a semiconductor device. 
In particular, the present invention relates to a method for forming a wire layer of 
a semiconductor device having a high topography. 

As the semiconductor device becomes super-highty integrated, the method for 
forming the wire layer of the semiconductor becomes the most critical step in the 
producing process of the semiconductor device since it is the factor which 
determines the rate performance, yield and reliability of the semiconductor device 
Conventionally, the metal step coverage was not a problem when covering a 
peripheral area having relatively low irregularity such as contact hole having a 
low aspect ratio (ratio of depth to width) or a step height having a shallow depth. 
However, as the degree of integration of the semiconductor device increases the 
contact hole becomes remarkably smaller, and the impurity doped region formed 
on the surface of the semiconductor substrate becomes much thinner. Since the 
conventional aluminium wire process had numerous problems such as reliability 
failure of mutual aluminium contact caused by the high aspect ratio of the 
contact hole and inferior step coverage of a sputtered aluminium, increase of 
contact resistance caused by silicon precipitates and deterioration of shallow 
bonding characteristic caused by aluminium spike, it was required to improve the 



- 1 - 



2004 L J 7^22°*' 2:16PM kt 



No. 5399 P. 10 



wire process for the high rate performance, high yield and satisfactory reliability 
of the semiconductor device in spite of the high aspect ratio of the contact hole 
and deep depth of the step height. 

Accordingly, in order to overcome the problems of the conventional wire process 
stated in the above, new methods have been suggested. For example, in order 
to prevent the degradation of the reliability of the semiconductor device according 
to the high aspect ratio and failure of aluminium contact caused by the inferior 
step coverage of the sputtered aluminium, the following methods have been 
published. 

JP No. 62-132348 (Yukiyano Sugano, et al.) describes a method for planarization 
by forming a metal wire layer on a step height of a semiconductor substrate and 
heating and melting the wire layer in order to enhance the shape of the film with 
regard to the irregular step height of a semiconductor device. 

JP No. 63-99549 (Sinfea lijima, et al.) describes a method for forming a metal 
wire layer on a semiconductor substrate having a contact hole and a step height, 
and heating and melting the metal wire layer in order to enhance the reliability of 
the wire and to enable to contact multilayers mutually. It describes a producing 
method of a semiconductor device for forming mutual contact between multilayers 
by forming a metal wire layer on a semiconductor substrate by comprising: 

forming a number of elements on the semiconductor substrate; 

depositing an insulation film on the substrate containing the elements; 

forming a contact hole reaching a predetermined position of the elements on the 

insulation film; 

forming titanium nitride film on the surfaces of the contact hole and the insulation 
film; 

depositing the metal wire layer on the whole surface of the titanium nitride film 
and heating and melting the metal layer so that the surface of the metal layer 
can be planar; and 

forming at least one wire layer by etching the metal layer and the titanium nitride 
film according to a predetermined wire pattern. 

JP No. 62-109341 (Masahiro Simizu, et al.) describes a method for forming an 
aluminium conductive film such as aluminium alloy film having a satisfactory 
coverage with a step height such as contact of an insulation film surface in the 
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case of forming an electrode or wire film, in order to enhance the low reliability 
of a semiconductor device caused by an inferior wire. According to Masahiro 
Simizu, et al., the above publication provides a producing method of a 
semiconductor device comprising a solution containing a liquefied aluminium 
compound or aluminium to a silicon substrate and heat-treating it to form an 
aluminium conductive film. 

According to the above method, aluminium or alloyed aluminium is melted and 
reflowed in order to fill up the contact hole. Since all of the above publications 
comprise the reflow method in which aluminium or alloyed aluminium is melted, 
the semiconductor wafer produced by this method should be arranged horizontal^ 
so that the contact hole can be properly filled with a flowing melting material. In 
addition, a metal shrink occurs in the insulation area depending on the 
temperature change. That is, a fluid metal layer, which is liquefied by heating at 
the temperature higher than the melting point of aluminium or alloyed aluminium, 
fills up the contact hole. Since the liquefied metal layer tries to make the 
surface tension lower, the metal layer Is shrank or twisted when it is solidified 
and thus the semiconductor material in the lower portion is exposed. In addition, 
since the temperature of the heat treatment cannot be controlled accurately, it is 
difficult to obtain the identical results. Further, according to the above method 
even if the contact hole can be filled up, the following photographic process 
cannot be operated since the remaining portion of the metal film becomes rough. 
Thus, the secondary metal forming process may be required. 

Also, a method is published regarding the formation of a barrier layer in a 
contact hole on a semiconductor substrate in order to enhance the reliability of a 
semiconductor device by preventing a deterioration of a shallow bonding area due 
to an aluminium spike. For example, USP No. 4,897,709 describes a 
semiconductor device comprising titanium nitride film as a barrier layer inside of a 
contact hole in order to prevent a reaction of a wire to a semiconductor 
substrate. The titanium nitride film can be formed by a low-pressure and 
low-temperature CVD method, and comprises a superior feature having a 
satisfactory step coverage in a quite minute contact hole having a high aspect 
ratio. After forming the titanium nitride film, a wire layer is formed by a 
sputtering method using alloyed aluminium. 

Besides the above, instead of melting the aluminium or alloyed aluminium USP 
No. 4,970,176 (Dracey, et al.) describes a multi-step metal wiring method for 
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enhancing the step coverage of the metal. 

According to the above USP. after depositing a predetermined thickness of a 
thick metal layer on a semiconductor wafer at low temperature, the temperature 
is raised (approximately 400"c-500*c) so that the metal can be reflowed and the 
remaining portion of the predetermined thickness of the metal layer is deposited, 
or after depositing the first metal layer, the second metal layer is deposited while 
raising the temperature so that the metal can be reflowed. The reflow of the 
metal layer occurs by particle formation, recrystallization and bulk diffusion. 

Meanwhile, Ono, et al. announced that the liquidity of aluminium-silicon is 
suddenly increased in the case that a semiconductor substrate is maintained at 
the temperature more than 500TC (Hisako Ono, et al., in Proa, 1990 VMIC 
Conference June 11-12, pp.76-82). It indicates that the stress of alumunium-1% 
silicon film is suddenly changed at 500'c, and the stress relaxation of 
alumunium-1% silicon film suddenly occurs. Also, it indicates that the substrate 
temperature should be maintained as 500tj-550t) for the satisfactory filling up of 
the contact hole. 

This phenomenon is caused by the mechanism which is different from the 
mechanism used in Dracey et al, causing the reflow phenomenon of the metal 
layer. 

The inventor of the present invention had filed an invention on June 18, 1990 
relating to a metnod of filling up a contact hole completely by depositing a metal 
at low temperature (200TC or less) using a transport phenomenon of a metal 
atom due to the stress relaxation of the metal layer and then by after-treating the 
deposited metal at the temperature from 80% of the metal melting point to the 
metal melting point (Korean Patent Application No. 90-10027). 

However, the above technology, which had been filed prior to the present 
invention, also generates the void as shown in Rg. 1 m the high step height 
having the aspect ratio of the contact hole more than 1.5. That is, due to the 
high aspect ratio of the contact hole, a shadow effect is increased, and due to 
the increase of the shadow effect, the aluminium atoms sputtered at the time of 
depositing at low temperature cannot form the successive aluminium film on the 
side wall in the contact hole. Accordingly, even if the heat-treatment is carried 
out as an after-treating process, the contact hole is not completely filled up since 
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the inlet of the contact hole becomes dogged or narrowed while the aluminium 
atoms are deposited around the inlet of the contact hole. Therefore, only the 
upper portion becomes planar at the time of the following re-depositing of the 
aluminium film. 

Thus, the object of the present invention relates to a method of forming the 
metal wire layer which can form the wire having the high reliability by filling up 
the contact hole regardless of the aspect ratio of the contact hole, in order to 
solve the problems of the above conventional arts. 

In order to achieve the above object, the present invention comprising processes 
of: 

forming an insulation film having a contact hole on a semiconductor substrate; 

forming a first metal layer only inside of the contact hole and on the a bottom 
exposed to the contact hole at the temperature of 200 'c or less; 

forming a metaJ plug inside of the contact hole by melting the first metal layer; 

forming a second metal layer on a whole surface of the semiconductor substrate 
on which the metal plug is formed; and 

heat-treating the second metal layer. 

Hereinafter, the present invention is explained by referring to the attached 
drawings. 

Figs. 2-9 are process flowcharts for showing an exemplary embodiment of the 
method of forming a metal wire layer according to the present invention, which 
shows the above patent application improved. In this exemplary embodiment, 
impurity injecting area is described as an example of a lower wire layer. 

Fig. 2 is a view for showing a forming process of a lower wire layer (11), a 
barrier layer (15) and a first metal layer (17). First of all, the lower wire layer 
(11) consisting of impurity doped area of a second conductive type is formed on 
a semiconductor substrate (10) of a semiconductor substrate of a first conductive 
type and an inter-insulation layer is formed on the whole surface. Then, a 
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contact hole is formed by applying a mask pattern on the Inter-insulation layer 
and etching the inter-insulation layer so that the lower wire layer can be 
exposed, and a cleaning process is carried out to remove organic substances 
remaining on the substrate surface and a natural oxide film existing in the lower 
substrate surface in the contact hole. After that, the whole surface of the result 
therefrom is physically or chemically deposited by the barrier layer (15), such as 
titanium nitride (TiN) and the first metal layer (17), for example, aluminium film is 
physically deposited on the barrier layer (15). At this time, the thickness of the 
aluminium film, which is the first metal layer, should be 1/2 of the inlet size of 
the contact hole. Herein, an aluminium film containing silicon, copper or titanium 
can be used instead of the pure aJuminium film. 

Fig. 3 is a view for showing a forming process of a polymer (19). The whole 
surface of the result from the process shown in Fig. 2 Is thinly covered by the 
polymer (19) having viscosity such as photoresist to fill up the empty space in 
the contact hole as shown, and then a bake process is carried. 

Fig. 4 is a view for showing a process of anisotropic etching for the whole 
surface of the resultant contact hole filled with the polymer. In this process, the 
resultant contact hole is removed while maintaining only the first metal layer (17") 
and the polymer (19") in the contact hole by dry-etching the resultant contact 
hole little bit more than the thickness of the first metal layer. 

Fig. 5 is a view for showing a process of removing the polymer. The polymer 
remaining only In the contact hole is firstly removed by ashing and secondly, the 
remaining polymer from the above is completely removed by soaking the exposed 
first metal layer (17") and the barrier layer (15) in a polymer removing solution, 
for instance, PRS-2000 and R-10 solution, and then it is rinsed by D.I. water. 

Fig. 6 is a view for showing a process for forming an aluminium plug (plug: 17") 
by instantly melting the aluminium film, which is the first metal layer, at high 
temperature after the process shown in Rg. 5. At this time, the contact hole 
becomes almost buried or the aspect ratio of the contact hole becomes relieved. 
Such degree of burying of the aluminium plug can be controlled by controlling 
the amount of the aluminium to be remained during the process of etching 
shown in Fig. 4. 

Fig. 7 is a view for showing a process for forming the second metal layer (21). 
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After the process shown in Fig. 6, the second metal layer is formed by the same 
process as the process of depositing the second metal layer (21), for example, 
successively depositing an aluminium film with the thickness of 3000 A or less 
at low temperature without exposing to the air, or in the case exposing to the 
air, the process of sputter cleaning before forming the second metal layer and 
then depositing the layer without exposing to the air. Herein, an aluminium film 
containing silicon, copper or titanium can be used instead of the pure aluminium 
film. 

Fig. 8 is a view for showing a process for burying the contact hole. After 
moving the substrate obtained from the process shown in Fig. 7 to another 
sputter reaction room without exposing to the air, if the substrate is heat-treated 
for a few minutes at 450 "C, the transport of the aluminium atoms deposited at 
low temperature becomes active and a grain is formed, and the burying occurs 
on the first metal layer plug (reference number 17" in Fig. 7). Reference number 
"21 "\ which is not explained, represents the state after the heat-treatment of the 
first metal layer. 

Fig. 9 is a view for showing a process for forming a third metal layer (23). The 
production of the metal wire layer is completed after the process of Fig. 8 by 
depositing the remaining thickness of the total required thickness of the wire and 
forming the third metal layer (23), for example, an aluminium film. An aluminium 
film containing silicon, copper or titanium can be used instead of the pure 
aluminium film. At this time, if the second metal layer (21) formed by the 
process in Fig. 8 and the third metal layer (23) uses the aluminium film 
containing impurity (i.e., silicon, copper or titanium) instead of the pure aluminium 
film, the aluminium film can be deposited with different impurity density. 

As stated in the above, the method of forming the metal wire layer according to 
the present invention, the inside of the contact hole can be completely buried 
only with the aluminium film after forming an aluminium plug first by depositing 
and heat-treating another aluminium layer on the aluminium plug. That is, since 
the inside of the contact hole having the aspect ratio more than 1.5 can be 
buried only with the aluminium film without aluminium breaking and void caused 
by the shadow effect, the reliability of the metal wire layer can be enhanced. 
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What is claimed is: 

1. A method for forming a wire layer of a semiconductor device comprising the 
processes of: 

forming an insulating film having a contact hole on a semiconductor substrate; 

forming a first metal layer only inside of the contact hole and on a bottom 
exposed to the contact hole at temperature of 2001c or less; 

forming a metal plug inside of the contact hole by melting the first metal layer; 

forming a second metal layer on a whole surface of the semiconductor substrate 
on which the metal plug is formed; and 

heat-treating the second metal layer. 

2. The method for forming the wire layer of the semiconductor device as claimed 
in daim 1, further comprising a process of depositing a third metal layer on the 
heat-treated second metal layer. 

3. The method for forming the wire layer of the semiconductor device as claimed 
in claim 1, further comprising a process of forming a barrier layer before forming 
the first metal layer. 

4. The method for forming the wire layer of the semiconductor device as claimed 
in claim 3, characterized by that the barrier layer is a titanium nitride. 

5. The method for forming the wire layer of the semiconductor device as claimed 
in claim 1 or 2, characterized by that the first, second and third metal layers are 
pure aluminium films or an aluminium films containing an impurity. 

6. The method for forming the wire layer of the semiconductor device as claimed 
in claim 5> characterized by that the impurity is silicon, copper or titanium. 

7. The method for forming the wire layer of the semiconductor device as claimed 
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in claim 1, characterized by that the process of forming the metal plug inside of 
the contact hole by melting the first metal layer is operated by instantly melting 
the first metal layer at high temperature. 

8. The method for forming the wire layer of the semiconductor device as claimed 
in claim 5, characterized by that the second metal layer is deposited successively 
with the thickness of 3000 A or less at low temperature without being exposed to 
the air, or in the case of being exposed to the air, a sputter cleaning is carried 
out before the second metal layer is formed, and then the layer is deposited with 
the thickness of 3000 A or less at low temperature. 

9. The method for forming the wire layer of the semiconductor device as claimed 
in claim 8, characterized by that after forming the second metal layer, the 
heat-treating process of the second metal layer is carried out for few minutes at 
a temperature of 450TC or more after being moved to another sputter reaction 
room without being exposed to the air 

10. The method for forming the wire layer of the semiconductor device as 
claimed in claim 5, characterized by that the density of the impurity is different if 
the aluminium films containing the impurity are used for the second metal layer 
and the third metal layer. 
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